Abstract. This paper studies the generation to feed three stand-alone existing pumping systems in the province of Zaragoza (Spain), in the same area but with different consumption and irrigation needs. All of them are used only for half the year. We look for the optimal size of the generation mix, both economically and in reducing emissions.
Introduction
Facilities that use water pumps in irrigation systems are very often isolated from the electrical grid and rely on diesel generators for power. Hybrid generation may be a good option for them [1] . The three stand-alone pumping irrigation facilities Masatrigos I, Masatrigos II and Merla are situated in the province of Zaragoza (Spain). In all of them, irrigation is carried out for six months a year, between April and September, as in many crops in the Mediterranean area. This implies that renewable generation is not useful for another six months and it also implies the difficulty of sizing. The decision to reform the existing facilities or the installation of new ones faces the problem of comparing the different options for generation and storage. However, when demand is markedly seasonal, the best orientation for solar PV panels, the size of the storage and the possibility of hybrid power are not sufficiently studied. As it is very usual the utilization of diesel generators as the only source, it is desirable to study the feasibility of renewable energy integration, as well as improvements in the level of emissions of greenhouse gases can be obtained.
Genetic algorithms have been used lately as a means for optimization of photovoltaic systems and hybrid systems [2] , [3] . HOGA software [4] is used to optimize both the sizing and control variables of the system, by mono and multi objective optimization [5] .
The economic comparison was made by calculating the Net Present Cost (NPC) in a project horizon of 25 years. Solutions are sought less NPC. The following economic parameters have been introduced: current market prices, both components and operation and maintenance, fuel cost 0.7 € / l, general inflation rate 2%, interest rate 6% and fuel inflation rate 6%. Subsidies or CO 2 emission rates were not considered.
Load and resources

A. Electrical load
Consumption and pumping schedules are shown in Table  I . The relationship between the size of existing pumps and water needs involves more or less time for daily use. 
Optimization of PV slope
Simulations were carried out with a photovoltaic array insufficiently dimensioned, in terms of peak power, to remove the diesel generation. Varying other parameters of the PV field, we have seen that those values would reduce the energy required from the Diesel generator during the year, especially the slope. The data show that, for loads whose schedule is widespread (in the case of study, Masatrigos I and Masatrigos II), the largest photovoltaic penetration is obtained with an slope as to maximize the energy generated during the irrigation season. This slope differs from those obtained for the worst month and the optimal for the whole year, as shown in Table II . However, when demand is concentrated in the middle of the day (in the case of study, in the installation of Merla), the improvement not only increases but also the sun's position results in a slight reduction in the optimum tilt angle. To calculate the optimal energy it is no longer taken into account the day of the year, but also the time of day. The result is shown in Table III . Since the seasonal and even hourly concentration of demand affect the optimal parameters of the system and a non negligible influence on the system performance, this become a factor taken into account in the design and sizing.
The high temperatures present during the irrigation season makes the influence of the temperature coefficient of power in the system performance to be greater than in a facility that works on an annual basis. The thermal behavior of the panels becomes more critical.
The minimum economic
A. Masatrigos I and Masatrigos II
The coincidence between the irrigation season and the months of highest solar irradiation has two opposing effects on the performance of photovoltaic generation. During non-irrigation season generation is not useful. During irrigation season output per kWp installed is high. In these facilities, the demand is continuously 24 hours a day. If there is excess PV production during the day, night use would be penalized by the loss (and increased cost) due to storage. As it is necessary in these facilities uninterrupted operation due to a small sized pump, percentage 0% of unserved energy has been considered.
From the results obtained (Fig. 1) , the least NPC in 25 years is a mix of PV-diesel hybrid generation with battery storage.
Fig. 1 . Masatrigos I: Solution Graphics
Use of diesel generator is substantially reduced, obtaining fuel economy and emission savings (Table IV) . In the graphs of the best day simulation (Fig. 2 ) and the worst day simulation (Fig. 3) it is shown the consumption (light gray), the diesel generation (black), PV production (yellow), the battery charge (green), battery discharge (blue), the state of charge (SOC) and its limits (different shades of red). To test the effect of seasonality of demand in the optimal generation mix, we have done the optimization of the same premises with consumption not seasonally adjusted, but extended throughout the year. Under these conditions, the result is Photovoltaic-Wind-Diesel hybrid generation.
The results in Masatrigos II are qualitatively very similar, differing by a factor of scale due to the smaller size of the load.
B. Merla
The irrigation season is the same as in Masatrigos. On the other hand, because of the sizing of the existing installation, irrigation is needed only for a few hours a day. This allows a range of management, changing the time zone of consumption. Concentrated demand during solar peak hours, it reinforces the positive effect on photovoltaic generation. Consequently, the optimal combination (lower NPC in 25 years) includes only a moderate photovoltaic generation and storage (Fig. 4) .
Fig. 4 Merla: Solution Graphics
Obviously, emissions from combustion are avoided, leaving only those relating to the life cycle of the facility (manufacturing, transport and scrapping) ( Table V) . In the graphs of best day (Fig. 5 ) and worst day (Fig. 6 ) and with the same colors and meanings in Figures 2 and  3 we see how the synchrony between consumption and photovoltaic generation allows direct use of energy. During the hours of consumption, energy generation comes from PV and batteries simultaneously. When consumption ceases, the battery recharges. If the demand is concentrated during the night, the least NPC in 25 years corresponds to the current situation, only with diesel generation. Found that demand management strongly influences the results, it must be considered as a variable or set of variables during the search for solutions and system design.
Reducing emissions
In stand-alone systems, even when the fraction is 100% renewable, it cannot be eliminated completely the contribution to the emission of greenhouse gases. There are still emissions from manufacturing, transportation and disposal throughout the life cycle of the system [6] , [7] , [8] .
Optimizations have been made in order to minimize emissions. In Merla the minimum is achieved by eliminating the diesel generator with 100% renewable generation. However, in Masatrigos I and II, the minimum is obtained with a hybrid solution that uses the diesel at peak times, a few hours a year. The reason is that the increase of renewable generation needed to completely eliminate the Diesel is so great that emissions of their life cycle are greater than the fuel consumption for a few hours each year. In addition, the economic cost of the facility also is disproportionate. Figure 7 . Diesel only option is not displayed because it is dominated by others. With respect to it, the economic optimum has already significantly reduced emissions. Further reduction of emissions occurs also incorporating wind generation. Solutions that exclude diesel generation do not appear. This is because there are others with lower emissions, which incorporate Diesel.
One possibility to use the energy that can produce renewable generation during the non-irrigation season is the production of hydrogen. However, in the simulations no profitability of the investment has been achieved. In the future evolution of the costs of hydrogen components (electrolyzer and fuel cell), this could change.
Conclusion
Stand-alone pumping facilities tend to be powered by diesel generators. In irrigation, in some regions and in some cultures the season of use may be limited to part of the year. When studying the feasibility of incorporating renewable generation, demand seasonality influences the performance of different types of generation. The search for the optimal solution should be made taking into account these conditions.
In the facilities studied, the irrigation season coincides with the months of highest solar radiation. This provides advantage for photovoltaic generation. If demand is also concentrated in the middle of the day, that advantage increases.
Hybrid solutions for renewable and Diesel generation can reduce costs in the long term, although the initial investment is much higher. They also significantly reduce emissions of greenhouse gases, as the diesel generator reduces its hours of operation. Under special conditions, such as the concentration of demand at hours of maximum solar irradiation, viable solutions can be obtained without diesel generator.
